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[Problems to Be Solved by the Invention] 

However, since there are as many as 640 x 400 display 
dots, for example, and sustain pulses with the same phase 
are applied to column electrodes X and row electrodes Y, 
respectively, the peak value of a discharge current given 
after the sustain pulse rises becomes larger as shown in 
Fig. 11, resulting in generation of negative spike noise in 
the sustain voltage (power supply voltage) V s for use in 
producing a sustain pulse. Thus, this noise is generated 
also in a sustain pulse voltage, so that the increment for a 
minimum discharge sustain voltage V sm becomes larger than 
that for the discharge starting voltage V f , that is, the 
margin of sustain voltage V s becomes smaller. This results 
in a disadvantage that discharge cells are liable to 
erroneously operate in relation to variation in the 
characteristics of the discharge cells. 

Further, there has been another disadvantage that 
since each discharge cell is a capacitive load, a spike-like 
large displacement current flows at the rising of the 
sustain pulse to generate noise in a shift register, etc. 
used in a write/erase control circuit, which causes a 
malfunction. This malfunction also occurs due to the above- 
described discharge current. 

In view of the foregoing problems, an object of the 
present invention is to provide a plasma display panel 
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driving method and a circuit thereof capable of preventing a 
malfunction caused by a sustain pulse. 

[Means for Solving the Problems and Function thereof] 

(1) In order to achieve this object, in a plasma display 
panel driving method according to the present invention, at 
least either row electrodes or column electrodes are divided 
in a plurality of groups, and the rise time of sustain 
pulses applied to the electrodes in each group is shifted 
for each group. 

This causes a shift in the peak time point of a 
discharge current for each group, resulting in a smaller 
peak value of an overall discharge current. 

This makes a margin of a sustain voltage larger, which 
can prevent the malfunction of discharge cells in relation 
to variations in the characteristics of the discharge cells. 

In addition, this can prevent a malfunction of a shift 
register, etc. susceptible to noise. 

(2) The above shift time is preferably not more than 0.3 ys 
because a quasi-erase pulse is generated between any 
adjacent groups of electrodes if the shift time is made 
excessively longer with respect to those adjacent groups. 

(3) A drive circuit for implementing the foregoing method 
comprises the following two elements: 

[1] a sustain circuit provided for each group of row 
electrodes or column electrodes divided in a plurality of 
groups to supply a common sustain pulse to each electrode in 
each group in response to a control pulse supplied to an 
input terminal; and 
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[2] a delay circuit connected between the input terminals 
of any adjacent sustain circuits for the row electrodes or 
column electrodes . 

With respect to the row electrodes or column 
electrodes, if the control pulse is supplied to the input 
terminal of one of the sustain circuits, then the control 
pulses sequentially delayed through the delay circuits are 
supplied to the input terminals of the other respective 
sustain circuits. 

(4) In order that the above drive circuit be configured 
with semiconductor integrated circuits, one semiconductor 
integrated circuit includes said one sustain circuit 
corresponding to said one group, and said one delay circuit 
with its input terminal connected to the input terminal of 
the sustain circuit, wherein the input terminal A of the 
sustain circuit and an output terminal B of the delay 
circuit serve as external terminals of the semiconductor 
integrated circuit. 

The above drive circuit is configured by sequentially 
cascade-connecting the output terminal B of one 
semiconductor integrated circuit to the input terminal A of 
another semiconductor integrated circuit. 

(5) In another plasma display driving method according to 
the present invention, the rise time of sustain pulses 
applied to a row electrode and a column electrode is set to 
0.1 to 0.3 \is . 

Conventionally, it has been considered that the rise 
time of the sustain pulse be preferably shorter because if 
the rise of the sustain pulse is slow, discharge is induced 
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in the course of the rise to prevent sufficient discharge. 
However, if the rise time is set to 0.3 \is or less, 
discharge is induced after the rise of the sustain pulse, so 
that sufficient discharge is carried out to prevent the 
narrowing of a sustain voltage margin. If the rise time is 
set to 0.1 ps or more, the rise of the sustain pulse becomes 
slower, so that the peak value of a displacement current 
flowing through the electrodes becomes smaller, thereby 
capable of preventing the malfunction of a shift register, 
etc. susceptible to noise. 
[Embodiments] 

The embodiments of the present invention will now be 
described based on the drawings. 
(1) First Embodiment 

Fig. 1 shows the structure of a main portion of a 
memory type plasma display panel driving circuit. 

This plasma display panel is structured as shown in 
Fig. 8, which includes n linear column electrodes XI to Xn 
and m linear row electrodes Yl to Ym. The column electrodes 
and row electrodes are arranged in respective directions 
intersecting at right angles on different planes, and n x m, 
e.g., 540 x 400 discharge cells are formed. The column 
electrodes are divided into N groups: a first column 
electrode group GX1, a second column electrode group GX2 ... 
an N-th column electrode group GXN, each group ' of which is 
composed of a set of four adjacent column electrodes 
(actually 160 electrodes, for example) . 

All terminals of each of the column electrode groups 
are connected in common to an output terminal of each of 
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sustain circuits 31, 32, ... 3N . Each of the sustain circuits 
31 to 3N outputs a single sustain pulse of 100 V, for 
example, in response to a single sustain control pulse of 5 
V. Delay circuits 41, 42, ... 4(N-1) whose input terminals 
are on the sides of the sustain circuits 31, 32, ... 3(N-1), 
respectively, are each connected between inputs of adjacent 
sustain circuits. 

Note that a write drive circuit and an erase drive 
circuit are not shown in Fig. 1. . 

In the above structure, with a periodical sustain 
control pulse applied to the input terminal of the sustain 
circuit 31, sustain control pulses that are each 
sequentially delayed by time t d by the delay circuits 41 to 
4(N-1) are applied to the input terminals of sustain 
circuits 32 to 3n, respectively. Accordingly, the column 
electrode groups GX1, GX2, ... are supplied with sustain 
pulses whose rise times differ by t d with respect to their 
adjacent groups as shown in Fig. 2. Thus, the peak time 
points of a displacement current and a discharge current 
flowing through the column electrode groups GX1 to GXN are 
shifted by time t d with respect to adjacent groups. This 
causes the displacement current and the discharge current 
flowing through all of the column electrodes to attain 
extremely smaller peak values than those in the conventional 
example. 

The shift time t d is preferably 0.3 us or less since a 
considerably long shift time t d for adjacent groups may 
cause production of a quasi-erase pulse across electrodes of 
the adjacent groups. 
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The same is applied to the row electrodes. The row 
electrodes Yl to Ym are divided into M groups: a first row 
electrode group GY1, a second row electrode group GY2, ... an 
M-th row electrode group GYM, each group of which is 
composed of a set of four adjacent row electrodes (actually 
200 electrodes, for example) . All terminals of each of the 
row electrode groups are connected in common to an output 
terminal of each of sustain circuits 51, 52, ... 5M, and delay 
circuits 61 to 6(M-1) are each connected between input 
terminals of adjacent sustain circuits. 

Fig. 3 shows the relationship between the number of 
divided groups of column electrodes and row electrodes and a 
sustain voltage margin in a plasma display with 540 x 400 
dots. With reference to Fig. 3, (Number of divided groups) 
= (Number of divided row electrodes) = (Number of divided 
column electrodes) . The sustain voltage margin indicates 
the difference between a discharge starting voltage V f for 
staring discharge when voltage is applied to a discharge 
cell where no writing is performed, and a minimum discharge 
sustain voltage V sm for sustaining discharge by applying a 
sustain pulse to a discharge cell where writing is 
performed. Since these voltages V f and V sm vary for each 
discharge cell, a narrow sustain voltage margin may cause 
malfunction due to variation of a power supply voltage, etc. 

As shown in Fig. 3, it is found that a sufficient 
margin is obtained when the number of divided groups is 2 or 
more. If the number of divided groups is too large, the 
structure becomes complicated. Therefore, the number of 
divided groups is preferably 2 to 3 . Further, the division 
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number of this extent makes the peak value of a discharge 
current sufficiently smaller, thus preventing malfunction of 
a shift register, etc. susceptible to noise. 
(2) Second Embodiment 

Fig. 4 shows the structure of a main portion of a 
memory type plasma display panel driving circuit. While 
this second embodiment is identical to Fig. 1 with respect 
to its circuit per se, this driving circuit is designed as 
follows to include semiconductor integrated circuits. 

That is, a sustain circuit 31 and a delay circuit 41 
are both incorporated in a single semiconductor integrated 
circuit 71. The sustain circuit 31 and delay circuit 41 
have their input terminals connected in common to an 
external input terminal 71a, and the delay circuit 41 has 
its output terminal connected to an external output terminal 
71b. 

This sustain circuit 31 includes a level shifter 31a, 
a PNP transistor 31b and an NPN transistor 31c with their 
respective bases connected to output terminals of the level 
shifter 31a. The PNP transistor 31b has its emitter 
connected to a sustain voltage power supply terminal while 
the NPN transistor 31c has its emitter grounded, and the PNP 
transistor 31b and NPN transistor 31c have their respective 
collectors connected in common to an external output 
terminal 71c. This external output terminal 71c is 
connected to a column electrode XI. 

With one sustain control pulse applied to the level 
shifter 31a, one switching pulse is first applied to the PNP 
transistor 31b, and then one switching pulse is applied to 
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the NPN transistor 31c, so that one sustain pulse as shown 
in Fig. 4 is derived at the external output terminal 71c. 

A semiconductor integrated circuit 72 has the same 
configuration as the semiconductor integrated circuit 71. 
Accordingly, constituent elements of the semiconductor 
integrated circuit 72 that correspond to the constituent 
elements 31a to 31c, 41, 71a to 71c of the semiconductor 
integrated circuit 71 are denoted with symbols 32a to 32c, 
42, 72a to 72c, respectively, and thus a description thereof 
will not be given. 

The output terminal 71b of the semiconductor 
integrated circuit 71 is connected in cascade to an input 
terminal 72a of the semiconductor integrated circuit 72. 
The other semiconductor integrated circuits not shown have 
the same cascade connection and the same structure as that 
shown in Fig. 1. 

Each of the semiconductor integrated circuits 71, 72, 
... incorporates a drive circuit for producing a write pulse 
and an ease pulse, a shift register for applying a data 
signal to the drive circuit, etc. 
(3) Third Embodiment 

Fig. 5 shows a sustain circuit for a discharge cell 
11. In this sustain circuit 31A, a diode 81 is connected in 
parallel between the emitter and the collector of the PNP 
transistor 31b, and a diode 82 and a capacitor 83 are 
connected in parallel between the emitter and the collector 
of the NPN transistor 31c, in addition to the sustain 
circuit 32 of Fig. 4. The diodes 81 and 82 serve to prevent 
the potential of the column electrode XI from being not 



8 



lower than a sustain voltage V s nor higher than 0 V. A 
sustain circuit 51A connected to the row electrode Yl also 
has the same structure as that of the sustain circuit 31A 
and is indicated in one box in Fig. 5. The rest of the 
structure shown in Fig. 5 is the same as that shown in Fig. 
1. 

With a sustain control pulse applied to the level 
shifter 31a of the sustain circuit 31A in the above 
structure, a sustain pulse is applied to the column 
electrode XI; however, since the capacitor 83 is connected 
in parallel to the discharge cell 11, a displacement current 
is distributed to not only the column electrode XI but also 
the capacitor 83. This makes a rise time t r of the sustain 
pulse become longer than conventional as shown in Fig. 6, 
thus preventing the generation of noise. 

Fig. 7 shows the relationship between the sustain 
pulse rise time t r and the sustain voltage margin. In the 
relation t r > 0.3 ps, discharge is induced in the course of 
the rise of the sustain pulse, so that the sustain voltage 
margin becomes narrow. Alternatively, in the relation t r < 
0.1 ps, this relation is not preferable because noise is 
generated by the sharp rise of the sustain pulse, thus 
causing malfunction of the above-described shift register, 
etc. Accordingly, a preferable range for the sustain pulse 
rise time t r is 0.1 ps < t r < 0.3 ps. 

Although it may also be considered that the capacitor 
83 may be replaced with a resistor connected an series to 
the column electrode XI to make a slow rise of the sustain 
pulse, this is not preferable because a current flowing 
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through this resistor causes a voltage drop and a decrease 
of the sustain voltage, thus narrowing the sustain voltage 
margin shown in Fig. 7. 
[Effects of the Invention] 

As has been described in the forgoing, in the driving 
method and the driving circuit of plasma display panel 
according to the present invention, at least either the row 
electrodes or the column electrodes are divided into a 
plurality of groups, each group of which is supplied with a 
sustain pulse whose rise time is shifted for each group. 
This causes a shift in the peak time point of the discharge 
current for each group and a decrease in the peak value of 
the overall discharge current, and allows a broader margin 
for the sustain voltage. This leads to such excellent 
effects as to prevent malfunction of the discharge cells in 
relation to variations in the characteristics of the 
discharge cells and to prevent malfunction of the shift 
register, etc. susceptible to noise. 

In another plasma display panel driving method 
according to the present invention, the rise time of the 
sustain pulses applied to the row electrodes and column 
electrodes is set to 0.1 to 0.3 ps. This enables a 

decrease in the peak value of the displacement current 
flowing through the electrodes without narrowing the sustain 
voltage margin, thus leading to such an effect as to prevent 
malfunction of the shift register, etc. susceptible to 
noise . 

4. Brief Description of the Drawings 

Figs. 1 to 3 relate to a first embodiment of the 
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present invention, wherein 

Fig. 1 is a diagram of a main part of a driving 
circuit for a memory type plasma display panel; 

Fig. 2 is a time chart of sustain pulses applied to 
column electrodes GX1 to GX3 shown in Fig. 1; and 

Fig. 3 is a diagram showing the relationship between 
the number of divided groups of electrodes and a sustain 
voltage margin. 

Fig. 4 is a diagram of a main part of a driving 
circuit for a memory type plasma display panel according to 
a second embodiment of the present invention. 

Figs. 5 to 7 relate to a third embodiment of the 
present invention, wherein 

Fig. 5 is a sustain circuit diagram for a cell 11; 

Fig. 6 is a waveform diagram of sustain pulses and a 
discharge emission pulse for the circuit shown in Fig. 5; 
and 

Fig. 7 is a diagram showing the relationship between a 
sustain pulse rise time and a 'sustain voltage margin. 

Figs. 8 to 11 relate to a conventional example, 
wherein 

Fig. 8 is a cross-sectional view of a memory type 
plasma display panel; 

Fig. 9 is a diagram showing regions of discharge cells 
formed between column . electrodes XI, X2 and row electrodes 
Yl, Y2; 

Fig. 10 is a time chart of drive pulses applied to the 
electrodes shown in Fig. 9 and drive pulses applied between 
the electrodes of the discharge cells; and 



Fig. 11 is a waveform diagram for use in explaining 
disadvantages of the conventional example. 

. . . omitted . . . 
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